Purpose: This study assessed the adhesion of C-point filling system to retreated root canal walls. Materials and Methods: Eighty extracted upper incisors were prepared using Protaper Universal rotary files then the samples were distributed into 2 main groups. Group I: primary treated, Group II: retreated. Each group was further distributed into 4 subgroups; Subgroup A: Samples were filled with gutta-percha. Subgroup B: Samples were filled with gutta-percha and AH Plus sealer. Subgroup C: Samples were filled with C-point. Subgroup D: Samples were filled with C-point and BioCeramic sealer (BC). The push out test was carried out. The sealer penetration inside the dentinal tubules was evaluated using scanning electron microscope (SEM). Results:
INTRODUCTION
Debridement, disinfection and a complete three dimensional obturation are elements important for the endodontic treatment success. Gutta-percha has been used with ZOE based or Ca (OH) 2 based sealers for many years. However, leakage and recontamination continue to appear and cause post-treatment complications (1) . To improve the sealing and bonding of gutta-percha epoxy-resin based sealers have been developed. Example is AH plus which has good handling characteristics (2) .
Attempts were made to modify the usage of gutta-percha to improve the treatment outcome. C-point system which is consists of c-point and bio-ceramic sealer has been developed. C-point has a polymeric coating which radially expands to fill the root canal system for a complete seal. The expansion is limited to the available space laterally, pressing the sealer into any canal irregularities. Bio-ceramic sealer has a crystalline structure similar to tooth where interact with the dentin surface and improve the sealing and bonding to dentin (3) .
Endodontic therapy success depends on chemomechanical debridement. During the mechanical instrumentation smear layer formed, the smear layer removal improves the adhesion of the filling materials to the root canal dentin, this is achieved by using 2.6% NaOCl and 17% EDTA (4, 5) . Retreatment may be required due to reinfection or persistent of infection. The obturation material removal is one of the essential elements in retreatment procedure to allow further cleaning, shaping and obturation. Different methods are used to remove gutta-percha mechanical, chemical, thermal or a combination of the three (6, 7) . While the root canals filled with C-point can be retreated with any retreatment NiTi rotary retreatment file system, without the use of solvents (8) (9) (10) .
MATERIALS AND METHODS

Teeth selection and preparation:
Eighty recently extracted human upper incisors with completely formed roots and no evidence of fractures or cracks were selected. The teeth were rinsed under tap water to remove tissues, blood and debris then kept until use in distilled water. Each tooth was decapitated at the cement-enamel junction (CEJ) using diamond disc (Diatech, Goltène AG, Altstätten, Switzerland) under steady water cooling. The root lengths of all teeth were 16 mm. Canal patency was done by #15 K-files (MANI Inc., Japan) and the working length was measured by subtracting 1mm from length when the tips of #15 K-file became observed at the apical foramen.
ProTaper Universal rotary NiTi files were used in a crown-down manner for root canal preparation with torque and speed adjusted according to manufacturer's recommendations for each file used. A set of seven instruments were used (SX, S1, S2, F1, F2, F3 and F4), the first three files were used for coronal 2/3 preparation and the other four files were used for apical preparation. After each instrument use, irrigation was done with a fresh preparation of 2 ml 2.6% NaOCl solution for 1 minute dispensed through a 3 ml gauge side vent irrigating needle, where the needle was inserted deeply inside the root canal without binding. Final rinse with 5ml of 17% EDTA for1 minute was used to remove the smear layer, followed by 5ml distilled water.
Samples' grouping:
After root canal preparation, the samples were equally distributed into two groups (I, II) (40 samples each). Group I: primary treated. Group II: retreated. Each group was further equally distributed into four subgroups; subgroup A: samples were filled with gutta-percha subgroup B: samples were filled with gutta-percha/AH Plus sealer, subgroup C: samples were filled with C-point and subgroup D: samples were filled with C-Point/BC sealer. 
Samples' obturation:
  Group I: (Primary treated group)
· Subgroup A (Gutta-percha):
The samples were filled with ProTaper guttapercha cones (#F4). The cones were introduced into the canal. Root canal filling was completed by cold lateral compaction using #25 finger spreader and adding accessory cones (#25, 0.02 taper). The excess gutta-percha was removed using hot instrument, then the access cavity was sealed with temporary filling. The samples were stored in incubator at 37°C for 7 days.
· Subgroup B (Gutta-percha /AH Plus sealer):
The samples were filled with ProTaper guttapercha cones (#F4) and AH Plus sealer. The canal walls were coated with sealer using the master cone which moved vertically up and down inside the canal to coat the canal wall completely by the sealer. Root canal filling was done using cold lateral compaction technique using #25 finger spreader and adding accessory cones (#25, 0.02 taper). The excess gutta-percha was removed using hot instrument, and completed as mentioned previously in subgroup A.
· Subgroup C (C-Point):
The samples were filled by C-Point Cones (#F4). The cones were introduced into the canal. The excess C-Point was removed to the level of the canal orifice using a cylindrical diamond stone without water, then the access cavity was sealed with temporary filling. The samples were stored in incubator at 37°C for 7 days.
· Subgroup D (C-Point/ BC sealer):
The samples were filled by C-Point cones (#F4) and BC sealer. The sealer was introduced into the canal via disposable canal tip from a premixed syringe and the master cone moved vertically up and down inside the canal to ensure full coating of the canal wall by the sealer. Root canal filling was done with single cone technique. The excess C Point was removed at the canal orifice using a cylindrical diamond stone without water, and completed as mentioned previously in subgroup C.
  Group II (retreated group):
This group was subdivided into 4 subgroups A, B, C, D and treated as group I. After obturation, all the samples were stored in incubator at 37°C for 7 days. The filling material (core and/or core and sealer) of all subgroups were removed with Endostar retreatment rotary files and chloroform for guttapercha (subgroup A and B) and Endostar retreatment rotary files only for C-point (subgroup C and D) used according to the manufacturer instructions. The root canals were constantly irrigated with 2.6% NaOCl (2ml after each file) during the retreatment procedures.
After complete removal of filling materials, refreshment of the root canal wall was performed using Protaper Universal rotary files size F4. Final rinse with 5ml 17% EDTA (1 minute) used to remove the smear layer, followed by 5 ml distilled water. The paper point size F4 were used to dry the canals to be ready for obturation. The 4 subgroups (A, B, C, D) were obturated following the same protocol as mentioned in group I. After retreatment all the specimens were stored in incubator at 37°C for 7 days.
Samples' preparation for push-out bond strength testing:
Isomet 4000 microsaw (Buehler, USA) was used to section the samples perpendicular to the root's long axis without water coolant, where three 2 mm-thickness sections were gained from coronal, middle and apical levels of each sample. Indelible marker was used to mark the apical surface of each section, and then the sections were kept in 100% humidity till testing.
Cylindrical stainless-steel plunger with diameter 0.9, 0.7 and 0.5 mm corresponding to coronal, (364) Sarah M. Nageeb, et al.
ADJ-for Grils, Vol. 6, No. 3 middle and apical sections respectively were used to load root filling of each section. The tip of the plunger was adjusted to cover the obturation material without contacting the canal wall. The plunger was connected to the universal testing machine (Instron, Norwood, MA, USA) and the applied load was directed from apical aspect to coronal aspect in order to avoid any impediments during the pushout testing because of tapering of the root canal. A 0.5 mm/min speed cross-head was conducted until debonding happened and the maximum load conducted for debonding was measured in Newton (N).
The push out bond strength value in mega-pascal (MPa) for each sample was calculated using the following equation: 
Push
SEM evaluation:
After the push-out test, one selected sample from each subgroup was grooved longitudinally in buccolingual direction without reaching the internal portion of the canal and sectioned with sharp chisel. The sections were examined under SEM (FEI Company, Nertherland). Under magnifications (X 2000), two photomicrographs were obtained to evaluate the amount of sealer penetrating the dentinal tubules.
Statistical analysis:
Kolmogorov-Smirnov and Shapiro-Wilk tests were used to explore the normality of the numerical data and to check the distribution of data. Data were presented as median and range. Mann-Whitney U test was used for non-parametric data to compare between the two filling materials. Kruskal-Wallis test was used to compare between irrigants. Friedman's test was used to compare between root levels. For pair-wise comparisons Dunn's test was used. The significance level was set at P ≤ 0.05. IBM SPSS Statistics Version 20 for Windows was utilized to carry out statistical analysis.
RESULTS
I. Push out test results:
Comparison of push out bond strength between Group I (primary treated) and group II (retreated) ( Table 1 ) and ( Fig. 1 )
· Subgroup A (Gutta-percha):
At all levels (coronal, middle and apical), the difference between group I and group II was not statistically significant (P>0.05).
· Subgroup B (Gutta-percha /AH Plus sealer):
At the coronal level; the difference between group I and group II was not statistically significant (P>0.05). At the middle level and apical levels; the difference between group I and group II was statistically significant (P< 0.05), where the higher value of push out bond strength was recorded in group I (primary treated).
· Subgroup C (C-point):
· Subgroup D(C-Point / BC sealer):
At the coronal and the apical levels, the difference between group I and group II was not statistically significant (P > 0.05). At the middle level, the difference between group I and group II was statistically significant (P ≤ 0.05), where the higher value of push out bond strength was recorded in group I (primary treated). 
II. Scanning electron microscopic results:
Group I (primary treated):
Tracing the sealer dentin interface in subgroup B showed traces of sealer particles penetrating dentinal tubules at all levels. Subgroup D showed few traces of sealer particles penetrating dentinal tubules at the coronal and the middle level however, at the apical level there was no evidence of sealer penetration. (Figure 2) 
Group II (retreated):
Tracing the sealer dentin interface in subgroup B showed traces of sealer particles penetrating dentinal tubules at coronal level however, at the middle and apical level there was no evidence of sealer penetration. Subgroup D showed few traces of sealer particles penetrating dentinal tubules at the apical level however, at the coronal level and middle level there was no evidence of sealer penetration. 
DISCUSSION
After the completion of the root canal procedure nonsurgical retreatment may be required due to reinfection of the root canal or persistent infection from the primary treatment as a result of insufficient chemo-mechanical preparation and obturation (11) (12) (13) (14) (15) .
In this study upper incisors were used to avoid the human variable that could be related to the coronal access cavity preparation which could affect the proposed root canal preparation and obturation techniques. The teeth were decoronated at the cervical level near cemento-enamel junction, using high speed diamond disc which allows samples standardization (16) (17) (18) .
ProTaper Universal rotary files were used for canals instrumentation, as they have a convex triangular cross-section which decreases the friction between the blade of file and the canal wall and increases its cutting efficiency. The apical patency was kept using #15 K file in between each rotary file. In addition, ProTaper gutta-percha or C-Points perfectly fit canals that have been prepared with ProTaper files, which minimizes the volume of the sealer used and thus, the sealing quality could be improved (17) (18) (19) (20) .
Sodium hypochlorite (NaOCl) in 2.6% concentration was used to simulate the clinical condition (21) . Chelating agent 17% EDTA was used for the removal of smear layer to improve tubular diffusion and enhance the sealing ability (22, 23) .
To overcome the disadvantages of hydrophobic systems and to elevate the consequences of the treatment, hydrophilic obturating systems was introduced. The C-Point with BC sealer is a recently evolved root canal filling system, consisting of a single cone (C-Point) and BC bioceramic sealer. The C-Point system imparts the points with the elasticity that allows it to easily gauge around any curvatures in the biomechanically prepared canal (3, 24, 25) .
Bioceramic sealer is used along with C-Points in this study, as the bioceramic particles in the sealer can bond to the outer layer of C-Points as well as to the dentinal with the formation of hydroxyapatite and water as by product. This byproduct water can be utilized by the C-Points, due to its hydrophilic property, to expand in the available space and allow sealer penetration into the lateral canals and dentinal tubules. This helps in achieving a good seal of the obturated root canal space (26, 27) .
Various methods have been used to remove gutta-percha from root canal which includes the use of rotary instruments along with solvents like chloroform. In this study the obturation material in the root canal was removed with the help of rotary retreatment Ni-Ti file system (Endostar) which is less time consuming than hand instrumentation (28) . Chloroform is an organic solvent, which is effective in dissolving gutta-percha / AH plus sealer but it affect the mineral content of root dentine so it can decrease bond strength when used for more than 5 minutes (19) . Accordingly, it was used for 45-60 seconds in the current study. C-point was removed by rotary retreatment Ni-Ti file system (Endostar) as there is no solvents is available to help in removing C-point and BC sealer (29) .
Paper points were used to effectively dry the canal then obturated in subgroup IA (gutta-percha), IB (gutta-percha/AH plus sealer), IIA (gutta-percha) and IIB (gutta-percha / AH plus) using lateral compaction technique .The obturation was considered to be complete when no spreader could enter more than 3mm into the obturation material (16) .While in subgroup IC (C-point), subgroup ID (C-point/BC sealer), subgroup IIC (C-point) and subgroup IID (C-point / BC sealer) were obturated using single cone obturation technique as a C-point cone can expand in the canal space in the presence of moisture in the canals and the sealer, to achieve a complete seal of the canal system (22, 30, 31) .
The present study was designed to evaluate adhesion of C-point and BC sealer with conventional root canal filling using AH plus (epoxy resin sealer) and gutta-percha on human root dentin in both primary treated and retreated root canal wall using the push-out test and samples evaluation using SEM. The push-out bond strength test was used in this study which is better than conventional shear in evaluating the bond strength (32) .
Samples were sectioned perpendicular to the long axis of the root without water coolant, due to the hydrophilic nature of C-Point. Moreover, a pilot study was done to determine the effect of cutting with or without water coolant on the push-out bond strength and the highest results was obtained by cutting without coolant irrespective of the filling material used. Therefore, cutting without water coolant was done in samples filled with gutta-percha/ AH-Plus sealer as well as in samples obturated with C-Point/ BC sealer for standardization purpose (33) .
Push-out bond strength evaluation:
1. Effect of filling material on the push out bond strength:
The findings of the current study showed that the highest mean value of the bond strength was obtained in subgroup ID (C-point/BC sealer). This subgroup was statistically different in bond strength from subgroup IB (Gutta-Percha / AH plus sealer). This could be due to the hydrophilic nature of BC sealer which cause more intimate contact with the canal walls than the AH Plus sealer which is hydrophobic. Furthermore, it could be due to the slow expansion of the C-Point when exposed to moisture with the slow-setting of the BC sealer .This pushed the sealer into places that lateral compaction with AH plus sealer could not reach, this result corroborates other studies (33, 34) . However, the results of the current study disagree with previous study which showed that the highest push out bond strength value was recorded in the root canals filled with gutta-percha/AH Plus sealer, whereas the lowest strength was noted in canals filled with C-point/ BC sealer (35) . This could be attributed to the use of larger tip diameter of C-point (F4) in the current study. Where in larger sizes of C-Points, there was higher amount of polymer, higher lateral expansion, which decrease gaps and enhance sealer penetration and adaptation in dentin.
The lower push out bond strength results of IID (C-point/BC sealer) which was statistically different in bond strength from subgroup IIB (gutta-percha/ AH plus) which corroborates other study (29) . This could be due to the hydrophilic nature of C-point which leads to expansion laterally. This expansion pushes the associated BC sealer into the lateral canals and dentinal tubules increasing the physical adhesion of the material. Moreover, the BC sealer forms chemical bond with the root canals by the production of hydroxyapatite and water, and the nanoparticle size of the BC sealer allows to deeper penetration into the canal irregularities and dentinal tubules. This probably causes difficulty for removal (368) Sarah M. Nageeb, et al. Vol. 6, No. 3 of C-point and BC sealer from canal wall and presence of remnants of filling material which reduced the adhesion during retreatment (29) .
Effect of the root level on the push out bond:
Gutta-percha in subgroup IA showed slight increase in mean value from coronal to apical without significant difference. This could be related to the use of gutta-percha taper 6% which is more fitted apically with less axillaries. In subgroup IB (gutta-percha/AH plus) the mean value increased from coronal to apical where the coronal was significantly lower compared to middle and apical levels. This might be due to the use of gutta-percha taper 6% which is more fitted apically in addition to the use of axillaries and AH plus sealer especially for the middle level.
C-point in subgroup IC showed increase in bond strength from coronal to apical without significant difference. The lower value of the coronal level may be due to its accessibility to be dried compared to the apical level. Accordingly less expansion is expected. Moreover, the use of F4 points which has large diameter with high lateral expansion may decrease gaps and increase its adaptation to dentin (30, 35) .
In Subgroup IIA (gutta-percha) the middle level showed higher mean value compared to the apical and coronal levels without significant difference. This could be due to the better accessibility of the irrigating solution and EDTA which has been used 2 times lead to better interaction of the material with dentin surface (36) . Furthermore the remnants of filling material probably were less than the other levels.
Gutta-percha/AH Plus in subgroup IIB showed increase in bond strength from coronal to apical without significant difference. This could be due to the reasons have been mentioned previously in subgroup IB (Gutta-percha/AH plus)
In subgroup IIC (C-point) the middle level showed higher mean value compared to the apical and coronal levels without significant difference. This could be due to the accessibility of the irrigating solution and the adhesion of the material with dentin surface are better at the middle region and C-point absorbs water from dentinal tubules and expands better than the apical and coronal third (36) .
The mean value of subgroup IID (C-point/ BC sealer) increased from coronal to apical without significant difference. The lowest value of the coronal level may be due to its accessibility to be dried compared to the apical. Accordingly less expansion is expected.
Effect of primary treatment and retreatment groups on the push out bond strength:
The mean value of bond strength of subgroup ID (C-point /BC sealer) was higher than subgroup IID (C-point/BC sealer). This could be due to the hydrophilic nature of C-point which leads to expansion laterally. This expansion pushes the associated BC sealer into the lateral canals and dentinal tubules increasing the physical adhesion of the material. Moreover, the BC sealer forms chemical bond with the root canals by the production of hydroxyapatite and water, and the nanoparticle size of the BC sealer allows to deeper penetration into the canal irregularities and dentinal tubules. This probably causes difficulty for removal of C-point and BC sealer from canal wall and presence of remnants of filling material which reduced the adhesion during retreatment (35) .
Subgroup IB (Gutta-percha/AH plus) was higher in bond strength compared to subgroup IIB (Guttapercha/AH plus) this might be related to residual filling material on the canal walls that affect the bond strength of filling material in retreated canal. Moreover, the decrease in push out bond strength due to the use of chloroform solvent which change the chemical structure of dentin and the Ca/P ratio of dentin surfaces when used for 5 minutes (19) , however, in the current study used for 45-60 seconds.
The results of the current study was in disagreement The Efficacy of Adhesion of C-Point Obturation System in Retreated Root Canal Walls (369) with previous study which showed that the highest push out bond strength value was recorded in retreated root canals (gutta-percha/AH Plus sealer), whereas the lowest strength was noted in primary treated canals (gutta-percha/ AH Plus). Probably attributed to the storage of samples for only 72 hours which is not enough for complete setting of the sealer so its removal was easier and may be due to the use of both Gates-Glidden and H files to remove gutta-percha (17) .
Subgroup IC (C-point) showed increase in bond strength value compared to subgroup IIC (C-point) this could be related to difficulty of removal of C-Point and presence of residual filling material on the canal walls. However, subgroup IIA (Gutta-percha) showed increase in bond strength value compared to subgroup IA (Gutta-percha) this could be due to the removal of smear layer 2 times during (primary treatment and retreatment) which may increase the adaptation of Gutta-percha into dentinal wall.
Scanning electron microscope evaluation:
In this study SEM examination of the specimens corroborate the bond strength results in all subgroups. Sealer are present in the dentinal tubules opening in subgroup IB, IIB, ID and IID, however the sealer become more in subgroup ID and IIB which corroborates the bond strength test results. This result agreed with previous studies reported that regardless of the retreatment techniques and instrumentation system used filling materials remnants still found in the root canal walls (17, 29, 37) .
CONCLUSION
· Retreatment procedure did not improve the adhesion of C-Point/BC sealer or gutta-percha/AH Plus sealer to the root canal walls. · The innovated system (C-Point/BC sealer) showed better adhesion to the intraradicular dentin in primarily treated group compared to gutta-percha /AH Plus sealer.
· The adhesion of C-point filling system to intraradicular dentin negatively affected by the retreatment procedure.
